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1. Introduction MG

Under the sponsorship of D.A. Nav., Navigation and Radio Division,
A, 8 A.E.E, were tasked to carry out a trial of the Elliott MCS 920 digital
computer in both airborne and ground ervironments, Authority for the trial
was issued in Nav, 1(c) letter AS/492/07 dated l4ath Jarnuary, 1965,

This report covers the work undertaken during the MCS 920 trial.
Following two months of equipment and navigation program preparation, the
airborne part of the trial was phased in with other trials of navigation
equipments installed in Comet XS 235, over the period 15th March,1965 to
6th April, 1965, A preliminary report on the flying part of the trial was
submitted to Nav. 1(c) under cover of A. & A.E.E. letter ANR/45/09 dated
21st April, 1965 (Reference No., 1). The ground part of the trial, which was
concerned with studying the use of the computer as a ground processing
device, followed the airborre part and was terminated on 23rd July, 1965.

2. A o] e al
The aims of the trial were tos-

(a) Demonstrate that the basic logic of the MCS 920 computer was
capable of performing navigation tasks effectively in "real time".

(Note.- For this purpose performing in "real time" is defined as:
"the processing of data in synchronism with a physical process
in such a manner that the data processing results are useful

- to the physical operation".)

(b) Investigate the ease of programming the computer.

(¢) Establish the feasibility of using the MCS 920 as an airborne
computer for A, & A.E.E., trials,

(d) Study the problem of compatibility between the MCS 920
computer and other data recording and processing facilities
at A. & A.E.E.

3. Irjals Ajrcraft

The aircraft used for the trial was Comet 4C, XS 235. This aircraft was
fitted with a number of non-standard items of navigation ard recording
equipments over the trials period. Advantage was taken of this fit to
devise a representative series of navigational, programming and data
recording/processing exercises for the MCS 920.

4. Irjals fguipment

The trials equipments used are shown in the block schematic diagram
at Figure 1.

4,1 Ma avigation Comporien

The following three major components were connected to provide a
representative navigation sub-systems-

(2) MCS 920
The units comprising the computer system were mounted on pallets
and included:~

MCS 920 computer
Input/Output Urit(I.0.U./Interface Unit)
Power Unit
Engineer's Control Panel
Tape Winder

' Tape Reader
Tape Punch

Flexowriter . :
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(b) Inertial Reference System(I,R.S,)

An inertial reference system pillet was used, which comprised:-

Stable Platform
Platform Power Urit
Standty Gyro Uit

(c) Doppler Radar

‘'The doppler radar used consisted of:-

Aiv Aerial Assembly (roll stabilised from the I.R.S.
or Sta.dky gyro) B

Trarsmitter/Receiver Unit

Tracker Unit

Waveguide Run

Ancillary Datum, Recording and Control Equipments

Ancillary equipmerits available ir. the aircraft were used to provide

datum, recording and control facilities as follows:-

(a) Decca mk, 8

The Decca k. 8 system was used as the main datum aid
against which to compare suk-system performarce and performarnce
of peripheral navigation equipments under cortrolled conditions.,
Digitised Decometer outputs were fed to the MCS 920 and to the
GEC Highway recording system (suk-para. (c) below refers). .

(b) G4B/Iwin Gyro Platform

Outputs from a hykbrid G4B/TGP compass system were fed to
the I.R.S. to provide initial azimuth aligrment. A further
output was fed to the MCS 920 for use in reversionary modes.

(c¢) GEC Highway Recordirg System

A GEC Highway recording system was used to record Decca
Mk, 8 informatiori, The data oktained was processed on a
Ferrarti Pegasus computer after flight t-» obtair datum latitude
and longitude where necessary, This informatioi. was, in the
main, required for other trials purposes bLut was also used to
check the integrity of corresponding MCS 920 recordiigs of the
Decca Mk, 8.

(d) Irace Recorder Pallet

A rumber of trace recorders were mounted or another pallet
in the aircraft for use durinag concurrent trials on the aircraft.
These recorders provided useful information for the MCS 970
trial as follows:-

Cambridge Recorder Corsole - to record I.,R.S. Data.

Two Rustrak Recorders = to record Doppler Inertial
Mixing Signals.,
Colbbrook Instrumeits - to record I.R.S. and standby
Ltd. Recorder gyro pitch and roll outputs. .
(e) cortyo]l Units .

Three control units were mounted ii. the trials okservers
compartment: these provided remote coiitrol of the doppler, I.R.S.
and MCS 920 equipments,

/5 oo
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5. rie ion of M v t

The MCS 920 series of computer includes:-
(a) MCS 920

The MCS 920 is a small, parallel mode, general purpose computer
with special facilities for real time processing. The computer has
been field tested and used in the Army "Fire Brigade" fire control
system, and was the computer used for the A. & A.E.E. trials, The
MCS 920 has an 8192 word memory, an 18 bit word length and requires
500 w. of power. A short summary of the specification characteristics
is attached at Appendix I3 Figure 2 shows the internal elements of
the computer, Figure 3 shows the trials equipment pallet prior to
installation and Figure 4 shows the pallet installed in Comet XS 235,

(b) 9208

The 920B is a development of the MCS 920, This computer uses similar
register structures, instruction codes, memory and programs but incor-
porates NAND circuits instead of AND/OR circuits in its logic. The
system may be built up in blocks to incorporate the power supply and
computing features required. In particular, the basic memory can be
either 4096 or 8192 words and may be increased if necessary in
blocks of 4096 words. Power supply requirements are reduced to 120
watts, and protective "power dump" facilities are available.

(c) 920M

The 920M is a further advance which is still under development.
This computer will use similar logic and programs to the other 920
computers, but will incorporate integrated micro-miniature logic
circuitry to reduce the size and weight of the computer considerably,

6. Irials Methods

6.1 Demongtration of Navigation Capability

To demonstrate the navigation capability of the MCS 920, Elliott
Bros. undertook to build an interface unit which would function as the link
between the computer and the doppler and I,R.S. sense elements. A special
program (designated MC-01) was called for to control the sensory equipments
and compute navigation (and, if time permitted, steering) equations, Acceptance
of Decca position information was required for use as a datum navigation
reference at selected fix points to allow updating of present position and
periodic "fix monitored azimuth (F.M.A.)" correction to I.R.S. azimuth.
Every minute the computer was required to punch out selected navigational
parameters in machine code on 8 hole tape; after each flight the data tape
was to be processed in situ on the aircraft, using the MCS 920 together with
2 specially written Translation program (designated MC-03). This second tape
output was to be in teleprinter code to allow a printed record of the flight
to be obtained in a standard format via a flexowriter or line printer.
Wherever possible data processing was to begin in-flight, during the aircraft's
return and descent into Boscombe Down. Descriptions of the special programs
written for the MCS 920 trial are attached at Appendix II.

6.2 Programming

Investigations to determine the ease of programming the MCS 920 were
to be carried out as followsi~

(a) At some stage during the trial the Firm was to be requested

to write modifications to the basic MC-0l program; these
modifications were to be realistic examples of program changes

called up as a consequence of trials flying results, the time

taken for the required modifications to be written being considered
indicative of a qualified programmer's task using MCS 920 machine code.

/(b) cee
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(£) If time permitted, selected members of the A. & A,E.E. staff
were to be given a short general programming course, an instruction
booklet on programming the LICS 920 and access to a qualified
programmer for advice, Using this knowledge the subjects were

to te tasked with writing small programs, covering mathematical
protlems, for use with the 920 machine. The time taken to write
these programs was to be recorded together with commei:ts on the
difficulties experienced,

(c) The possikility, time-scale and cost of using a major computer
{such as the Elliott 503 system at A, &:A.E.E.) to corvert simple
programs written in Algolrithmic (Algol) code to 920 machine code
was to be investigated, The feasibtility of providirg this

facility also affected the degree of compatitility obtainakle
tetween the Elliott 503 and the #CS 920.

Irials Use

The major assessment of the suitabtility of the computer as 3 piece

of general purpose, airtorne and ground, trials equipment was to be made on
the basis of the results achieved using the programs and equipment specifically
designed f-r the trial., However, to increase the scope of the trial, and in
particular to establish realistic cost/effectiveness figures relating to

usage as a trials device, Navigation Division in corjunction with I.E.E.
Department, R.A.E. Farnborough undertook to present the Firm with typlcal
trials requirement specifications., Ellintt Bros. agreed to study these
requirements and submit estimates of cost, time-scales, technical and
programming effort required to undertake the tasks using the CS 920. Details
of this "paper-study", which includes the Firm's arswers to the questions
asked, are attached at Appendix IIl. It will ke seen that the first require-
nent was for a simple task and the second simulated a complex equipmeit trial
requiring from 40 - 50 flying hours and a considerable quantity of data
recording ard processing to complete.

6.4

Compatibility
In determining the degree of compatibility existing, or capatle of

development, betweein the CS 920 and other equipments it was considered necessary
to investigate:-

(a) sethods by which the computer could ke made compatible with
other equipmer.ts, possibly under test, ir the aircraft. The
development of an interface unit, to couple the ser.sory doppler

-and I.R,S. systems to the computer, was to be used as a practical

test example.

(b) itethods by which the output of the 4CS ©20 could be processed
by existing ground computers at i. & A.E.E. For this purpose,
compatiktility between i1CS 920 output and Elliott 503 input
required special consideration,

(c) wethods by which the MCS 920 could ke used as a small back-up
ground computer to the Elliott 503 during periods when the :iCS 920
was 1.0t being used in the air., It is now common practice t. use
an sutomatic language for most scientific computer pr.grams:

at A. & A.E.E. the language used is the Algol 1960 Algorithmic
language. Consequertly, ore aim of this part of the trial was

to determine the feasikility of either using Algol with the

NCS 920 or oktainirg a 503 output in 4CS 920 machire code from

an Algol input.

/T oo



7. Pre-flight Preparation

Pre-flight preparation, involving MCS 920 installation, engineering
acceptance and #C-0l program testing, was completed, in conjunction with
aircraft periodic servicing over the period 12th Fekbruary 1965 toc 12th
March 1965, Because of conflicting servicing ard iiCS ¢20 requirements the
aircraft was available for #iCS 920 work on approximately twelve days in this
period. The following paragraphs outline the progress made during pre-flight
preparation,

7.1 Enaineering

One major computer fault was founds this was a btroken wire, in the
magnetic core store of the computer, which made the first 64 store locations
unusable. Replacement of the core store cleared the. fault. During inves-
tigation into this failure, the computer was removed from its mounting and
the ducting of the cooling air supply was disturbed. The computer became
highly temperature conscious in this condition and a number of failures
occurred,

7.2 Program Testing

The MC-01 navigation program had been written by Elliott Bros. prior
to the arrival of the equipment at A. & A.E.E.; program testing, however, was
carried out for the first time in conjunction with the engineering acceptance.
No major difficulties were met and it was possilble to conduct a successful
simulated flight prior to airtorne trials., This test included functioning
of the computer in Doppler/Inertial mixed, Doppler plus Platform Heading and
Doppler plus Compass Heading navigation modes using simulated velocity irputs.

8. ing Schedule

The aircraft became available for airtest on 15th March, 1965. At this
time it was envisaged that an extension of T.S.R.2 Navigatior trials was to
begin in the Comet on 6th April, 1965, Consequently the flying schedule for
the .iCS 920 trial had to be confined to this three week interval. Ten sorties,
totalling 36 flying hours were completed., Details of the flying schedule,
showing a sortie by sortie activity treak-down, is attached at Appendix 1V;
it will Le seen from this Appendix that, although difficulties of varying
nature and degree were present on the first five sorties, the last five
sorties were flown in quick succession, using the range of #CS 920 programs
built up in the trial, with complete success.

9. Flioht Trials Results

9.1 Computer Progrgﬁming

Details of the MC-Ol navigation program and the special modified
program, MC-OlA and MC-01D, used during flight trials are attached at
Appendix II. Trials results, relevant to the use of these programs, are
summarised in the following paragraphs:-

9.1.1 MC-01 Navigation Program

This program was completed in the two months preceding
flight trials and was successfully ground tested in the aircraft prior to the
first flight. Navigation facilities provided by the program were used on
all flights and routine (one minute and fix point) recordings of navigation
parameters was available on seven flights. On the remaining three flights
the recording facilities of the program were concentrated on the special
high speed recording routines of #C-0lA and #iC-01D, Comments on the performance
of the iMC-0l1 program ai. as follows:-

/(a) ...
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(a) No recording difficulties were met.

(£) No major functional faults in the ravigation facility
were met,

{c) On the first flight the Random Fixing routiiie did rot
work. The reason for this was not definitely established
and the routine worked satisfactorily orn all other flights.
Since the computer failed on take-off on the first sortie
(sub-paras, 9.2(b) and (c¢) refer) it is possible that this
part of the iC~0l program became corrupt at the time of
computer failure.

(d) During the trial the Y-integrator FWA circuitry of
the I.R.S. was found to be incorrectly scaled. Com-
perisation for the scaling error was easily introduced
into the 4C-01 program (ard mods. !MC-0lA and D) to
maintain a high standard of navigation,

(e) The #MC-01 program occupied less than half the 8192
word capacity of the MCS 920 store., If sufficient time
had been available it would have Leen possible to
extend the program to include steering and prokably
bomking furctions, without loss of the recording
facility.

mC=01A erformance Testing Proqram

In accordance with the trials plan (para. 6.2(a) refers),a

modification to the iiC-0l program was called for to allow comparisons to ke
made between I.R.S. velocities (recorded at 1/5th sec. intervals by MCS 920)
and aircraft velocities (recorded at the same time interval by FPS 16 radar at
Aberporth Range) during manoeuvre. This modification, designated mC-0lA

was completed by the Elliott Bros. programmer in six working days. Details

of the program are contained in Appendix II. Comments on the airborne
performance of the program are as follows:-

(a) The first attempt to use the program (Sortie No. 4)
was unsuccessful because of an engireering fault (para.
9.2,6 refers).

(b) The second attempt to use the program (Sortie No. 5)
was also unsuccessful., In writiro the .IC-01A modification
the programmer had decided to remove an FuA instruction
routineg this routine was left open-erded and, as a result,
the I.R.S. was presented with an effective "floating"
voltage in the FMA input charnel. Aligrment of the I.R.5.
was, therefore, seriously disturbed. The program was
modified by setting the FMA term to zero and this cleared
the fault,

(c) Two more flights using MC-OlA were then completed
successfully (Sorties 6 and 7).

(d) An additional facility in this program allowed
recordings to be made (at 1 sec. intervals over two

minute periods) of I.R.S. azimuth andp angle prior to

each major I.R.S. velocity recording. This facility was
used in post-flight analysis to relate Astro-Tracker "Datum"
True Heading (GEC Highway system recordings) to I.R.S.

True Heading.

/9.1.3 ...
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9.1.3 C=0] N roqram

A second special requirement, to test the versitility of
the MCS 920, called for high speed (1/10 sec. interval) recordirng of Doppler
and I,R.S, velocities in addition to basic uC-01 navigation. This program
was designated vC-0OlD and was designed to show the variations of Doppler
velocities from the smoother I.R.S. velocities over selected short periods of
time (2 to 3 mirutes). Details of the program are at Appendix II. The program
modification was completed withir four working days and was successfully used
in flight on the fifth working day (Sortie Nn, 8).

9.1.4 "Qujck-Look"

A particularly useful feature, which was written into all the
trials programs, was a "quick look" facility which enabled the computer to
produce a limited sample of key quantities on 8-hole paper tape within 10 to
12 minutes of the end of recording. This tape could be run directly through
a flexowriter after landing to provide printed samples of flight data. On
all sorties where the facility was used these samples were available within
one hour of landing. On sortie No. 9 the flexowriter was carried in the
aircraft; the trial was completed at 2,000 feet overhead Boscombe Down and
the printed sample was made availakle before the aircraft had completed the
circuit and landing procedure. (The total time from last recorded data to sample
print-out was under 7 mirutes). The immediate advantage of this facility
was that a high frequency of flight trials sorties could be maintained in the
last half of the trial with complete corfidence that flight trials time was rot
being wasted. Examples of quick-look data are attached at Figure 5.

9.2 Enajneering

Apart from the magnetic core store failure (para. 7.1 refers) no
MCS 920 engineering faults were noted. However, on the first four flights
difficulties of varying degree were met with on the peripheral equipment
provided for the trial. Since the trial had keen instigated at fairly short
notice and since some of this equipment (particularly the interface unit)
was in prototype form this was not unexpected. On the last six flights, when
these initial protlems had been overcome, it was possiktle to undertake medium
and low level ravigation, I.R.S. performance and Doppler testing flights, on
consecutive working days without a single failure in the system, Diffulties
in the early flights included;-

{(a) Interface unit faults which caused spurinus pulses to ke
generated tetweer. the Doppler velocity output and computer input,
These effectively produced intermittert noise on the Doppler/

Inertial mix signals and periods of mis-reading of Doppler groundspeed
{computer groundspeed 20;: below Doppler grourdspeed). The faults

were cleared by introducing increased slugging to reduce the trailing
edge noise orn an encoder interrogate sigral and by the re-tuilding

of a suspect staticiser.

(k) An incorrectly set =10 volt trip circuit within the interface
unit was prone to break the computer power supplies when sudden
load charges occurred, For sortie No. 4, the first I.R.S.
performance test flight, two extra circuit boards were fitted to
the interface unit; this extra power requirement caused the
computer supplies to be cut off with small changes i1 load (e.g.
connection of I.R.S. to 4CS 920). Examination of the interface
unit circuitry thern revealed that the -10 volt trip circuit had
been marginally set throughout the earlier part of the trial, .
Once this circuit had been re-set to the optimum level no further
supply cut-offs were experienced. On two previous flights (sortie
Nos. 1 and 3) computer stoppages had occurred on take-off arnd/or
landing. It would appear that the marginally set trip circuit may
have Leen the underlying cause of these stoppages but no direct
evidence to substantiate this was availakble; investigations into
this aspect of trials performance are being contirued ky Elliott Bros.

/() o
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(c) The #CS 920 (1iodel No. 7) provided for this trial had not been
fully modified to current standards, One of the modifications not
embodied provided for protection from electrical interference
between the computer and its Engineer's Control Panel. In
consequence, it could not be established whether the stoppages
which occurred at take-off or landing were caused by interference.
break-through or by the incorrectly set ~10 volt trip circuit. A
number of actions had to be taken during the first half of the
trial to reduce the interference, but from the fifth flight onward
no further problems were apparent; the actions taken included:-

(1) Removal of a faulty tape winder which, in presenting
a heavy inductive load when switched, caused large
voltage transients to break through to the computer
circuits.

(2) The fitment of a filter in the computer 50 c.p.s. supply.

(3) Re-soldering of a suspected loose connection on the tape
punch.

(d) On the second flight the computer failed twenty minutes after
take-off; this was caused by overheating which occurred as a

result of a dirty filter restricting the cooling air supply. This
incident, coupled with the problem encountered during engineering
acceptance (para. 7.1. refers),shows that it is important to maintain
an adequate supply of cooling air to the MCS 920 at all times and

in all environments.

9.3 Ajirborne Data Handling and proc n

The standards of data handling and processing which could be achieved
with the iCS 920 were impressive., The computer, being a parallel mode device,
is very much faster than the A, & A.E.E. Pegasus computer (a serial mode device)
and its capacity is approximately four times as large as the Verdan computer.
This combination of speed and capacity makes it a useful and flexible airborne
instrumentation tool; the computer also has a capacity to work in four levels
of priority which allows for different functions (e.g. navigation, simulation
of inputs to other equipments, recording and processing) to be undertaken at
any suitable time-interval sequence over the same overall period of time.,
During the A. & A.E.E. %rials processed data from a flight was invariably
available, in B8-hole paper tape form, before the aircraft had landed. Final
print-out of the recorded data, via the flexovriter, was much slower, taking
about two hours for a four-hour period of recording at one minute intervals.
The quick look facility (para. 9.1.4 refers), however, obviated the need for
printing out all the recorded data between flights. Details of the use made
of data recorded during the I.R.S. performance and Doppler velocity noise
testing flights are included in the ground trials results {(para. 11.3.1 and
Appendix V refer). Subsequent to flight trials an Elliott 503 and Lineprinter
combination became available at A. & A.E.E. Advantage was taken of this
facllity to feed one of the airborne paper-tape records through the lineprinter;
by using thls facility it was possible to obtain a complete print-out of the air-
borne record within ten minutes which shows a considerable advantage over the
flexowriter.

9.4 Naviaation

It was apparent from the start of flight trials that the MCS 920,
given a satisfactory program such as MC-0l, was capable of performing navigation
tasks. The computer's "real-time" capakility was clearly evident from the
speed at which present position and P angle changes were effected following
fixing and FdA correction; in both cases the corrections appeared to have
been completed before the operator had released his "fix" button, Sub-
system performance data was complicated in the early flights by the difficulties
with the peripheral equipment (para. 9.2 refers), and, kecause of the limited
time available, no navigation analysis was made for these flights. Analysis of
the navigation sorties completed in the last part of the trial, namely one
mediun altitude and one low altitude flight, has however been completed and
the results obtained are recorded in the followlng paragraphs. /

9.4.1 .e0
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'9.4,1 edium Altitude Flight Profile

The medium altitude flying was carried out at quadrantal
heights about 34,000 feet. The aircraft was positioned on the purple
bisector of the English Decca Chain 5 and a series of transits between the
Southampton and Grimsky ends of the bisector were made. Navigation assess-
ment was made against selected Decca fix points along the kisector, the
positions of the fix points being fed to the MCS 920 kefore flight as Check
Poirt Data. Although the navication assessment was confined to this area,
NiCS 920 navigation was in fact started kefore the aircraft left the Boscomkte
Downi dispersal and continued until the aircraft was overhead Boscomte Down at
the end of the flight. The check points used were:-

C.P, 00 - Boscombe Dowr
C.P. 01 - 50494N 0331W
C.P. 02 - 5050N 0115%¥
C.P. 03 = 5147N 00504
C.P. 04 - 5233N 0024
C.P. 05 =  5321N O004E

9.4.2 medium Altitude Navigatior Results

Aralysis of data obtained from the mediun altitude flight,
with the system operating in its primary D/ mix mode, showed a systematic
distance gone scalirng error of +0.52. over elever samples of leg lengths
between 50 N.il. and 100 N.m. Subsequent to flight trials it was found that
an incorrect fonaula for aerial temperature correction had beei: used in the
MC-01 program. Residual system error after compensating for this amounted
to +0.02: in distance gone. After removal of aerial temperature scaling
error and the initial I.R.S. azimuth error, prior to the first FLA correction
(22.5 arc mins.) the overall navigation error, both along and across track,
was bouided by bards of less than 1,000 feet for the first 140 minutes of
the flight. During the remainder of the flight error velocities of up to
4 ft./sec. were experienced in the X and Y chanrels; deterioration in the
quality of available Decca datum position information in the latter stages
of the flight prevented any satisfactory conclusion keiig reached on the source
of these velocity errors.

)
)
; Datum Fix Points
)
)

9.4.3 Fixing Accuracy

The accuracy with which present positior was updated by the
MCS 920 was determined by comparing the recorded ¢orrected position after
fixing with the known co-ordinates of the fix points used. :

R.M.S. values, calculated for a total of 17 fixes, were as
follows:-

ReiieSs Latitude Fixing Error: = 0.026 arc. mins.
R.}.S. Longitude Fixing Error: = 0.01%5 arc. mins,

9.4.4 Accuracy of FlMA Correction Calcylatjons

Fixing errors in the trials system were calculated in the
#CS 920 by comparing 'the recorded present positiorn to the fix position at the
time of fixing. These errors were then resolvec into an across track error
which, together with the leg length, was used to calculate the amou:t of
azimuth error in the system. This calculated angle was then used to modify
the system transport angle; the fix point data print-out contained a record
of the angle used by the 1CS 920,

/A similar ...



A similar calculation was manually computed for the FiA
fixes oktaired against which the accuracy of the 1CS 920 computation was
assessed. The results obtaired are listed in Takle 1 Lelow.

; : i
vean True Leg Cross Track | Theoretical | nCS 920
Leg No. Track Length NiMi Error (Nii) Az. Error | Az. Error Difference |
1 0lge 42! <©8.97 -0.644 =22.5' -22.5! -8-
2 199° 03! 100.03 =-0.122 -4,2! -4,1! +0.1'
3 0lg° 42! 98.97 -0.078 -2,7' -2.9' -0.2"
4 199 03' | 100.03 -0.292 -10.0' " -9,0! +0.1!
5 0lge 42! 98,97 +0.413 +14.6" +14.5" -0.1"
6 ! 199° 03 E 100.03 | +0.100 i +3.4!' ; +3.5! +0.1" o
akle
Acc c on cu 5 on

9.4.5 Air A rimen

On four occasions during flight trials the procedure for
airborne alignment of the I.R.S. was carried out. Because of a minor fault in the
I.R.S. circuits the final relay closure to put the I.R.S. irnto the "Flight" mode
could not be made. However, o1 each occasion the »CS 920 computer performed the
rnecessary alignment sequerces satisfactorily. '

9.4.6 Reversjonary Mode Navigatjon

On a numter of flights, other than the ones used for assessment
purposes in the D/I mixed mode, the system was furctioned ir reversionary modes.
Periods of navigation using Doppler or TAS velocity ard either I.R.S. or
Compass Heading were successfully completed. No detailed analysis of navigational
accuracies in these modes was made but in-flight skservation indicated that the
equipment performance compared favourabtly with other systems tested at A, & ALE.E.

9.4.7 Low Altitude Flight Profile

On the low altitude flight the aircraft was flown on straight,
100 nautical mile, legs ketween Boscombe Down and Hartland Point at heights
betweer 1,000 feet and 300 feet. Four 100 Ni{ legs were flown, each either
starting or finishing overhead the end of Boscombe Down runway 24, This
"visual fix" pnint was the only check point used and updating of presert
position, as computed by the MCS 970, was completed on each transit of the fix
point. No FiiA corrections were applied but an attempt was made to align the
I.R.S. in azimuth to a surveyed datum prior to take-off. Calibrated Decca
Chain 1 data was used as a position datum agairist which to assess the performance
of the ~CS 920 trials sub-system.

9.4.8 Low Altitude Navigation Results

A graph of the recorded differerces, alo.g and across track,
between the Decca datum positions ard the 4CS 920 computed positions is
attached at Figure 6. It can be seen from the graph that two systematic errors
were present in the system; a distance gone scalirg error showed that the
procedure used for initial insertior of datum heading to the I.R.S. had Leen
unsatisfactory. Takle 2 sumnarises the results achieved.

/Table 2 ...
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Percentage 1.R.S. ;
Leg No. | Leg Length | Height | Distance Gone Azimuth
Scaling Error | Error (arc mins,)
1 100 Mii 1000 ft. +0,2¢ =25
2 100 N 500 ft. 10,26 . =22
3 100 M ! 300 f¢t. +0.29 -32
4 100 Nu | 300 ft.

+0.31 : =26

0.285;.
26.3 arc mins,

.iean Distance Gone Scaling Error

n

rear. Azimuth Error

Jatle 2
Low-level Distarce Gore aid Azimuth Errors

10. Ground Jrials

On completion of flight trials a ground phase was started and contirued over
the period from 7th April, 1965 to 23rd July, 1965. The aims of this phase were
to gain further knowledge of MCS 920 programming, to study, so far as was
practicable, the compatibility problems between the iiCS ©20 and existing
computing and recording services at A. & A.E.E. and to extend investigatiors
into possible uses of the WCS 920 for A. & A,E.E, trials instrumentation tasks.

11. round Iria esylts

The following paragraphs describe the results obtained during the ground
phase of the trial,

1.1 Programming

#CS 920 programning was investigated in three ways:-

(2) Because of staff shortages only one member of the Navigation
and Radio Division staff could ke allocated for direct 4CS 920
programming duties, and this was on a part-time tasis. The work
undertaken was therefore very restricted. The sutject concerned
had already writter small Pegasus and Elliott 503 programs to
calculate the correlation coefficient between two given lists

of data. Although he had 1.0 previous kunowledge of wCS 920
machine code he was requested to re-write his program in this
form and comment on the problems encountered. The assistance ard
quidance of a qualified {ICS 920 programmer was provided on
request. This mCS 920 program was written and working within
akout 19 workino days. Once the stardard input routines had Lbeen
mastered, the sukject found the work easier to do in »MCS 920
machine code than in Pegasus machine codejy this was, in the main,
due to the limited number (fifteen) of instructions that cam ke
used with the MCS 920. On the other hand the sul ject found that
Algol programming for the Elliott 503 was rauch easier than “CS 920
machine code programning. The trial indicated that, using machine
code,Navigation and Radio Division staff could learr. to use the
MCS 920 for simple tasks without much difficulty.

/(b) «es
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(b) To make full use of the data recorded during flight trials
the Elliott programmer was asked to exterd his trials program
litrary as far as possitle, within thée time availatle, and e
thereby provide facilities for ground analysis of the airborne
data. The following programs, details of which are attached

at Appendix II, were written:- :

(i) Processing Frogram for .iC-01A (I.R.S. Flight Testing
Program).

(ii) Processing Program for HC-01D (Doppler Test Program).

- {c) -Although the trial had shown that ar. experienced programmer
could program the ¥CS 920 with ease, and that less experiernced
staff could handle more simple tasks, it was considered urieconomic
to make A, & A.E.E. staff learn yet ariother machine code. In
conjuiiction with wathematical Services Section enquiries were
therefore made intc the possibility of using the Elliott 503 to
convert programs written in Algol to iCS 920 machire code. It
was found that, provided.the iiiitial Algol program was written
within a restricted instructior set, production of an Algol/~
MCS 920 machire code program for the Elljott 9503 was feasikle
but was beyond the current capability of the A. & A.E.E.
programming staff. The work would have to Le contracted out,
possibly to University or experierced industrial programmers ;
about three to six months would Le required to complete the task
at an approximate cost of £1,000 (estimated). In the course of
this enquiry it tecame known that Elliott Bros. are in process
of writing an Algol compiler program for the MCS 920 itself
(para, 11.2.3 refers). Although details of the proposed 4CS 920
Algol compiler are not yet availakle, it is prorakle that it .
will be directly compatitle with the 503 Algol compiler though,
possibly, limited in the riumber of instructions to be used.

For this reason production of a special Elliott 503 program is not
recommended,

11.2 atibil

The use made of the interface unit for the airtorne trials phase
showed that the 4CS 920 could be made compatible with equipments under test
in the aircraft. Extension of the trial to determine the degree of compatikility
that could be estatlished tetween the MCS 920 and existing trials instrumentation
and data processing facilities at A. & A.E.E. was a formidable task which could
only be cursorily examiried in the time availakle. The following paragraphs
record the work undertaker. and the corclusions reached during the trial.

11.2.1 4CS 920/GEC Hiohway Compatibility

To demonstrate that the MCS 920 could be used to process data
recorded by the Comet GEC Highway recording system a small input routine was
written which allowed the current 5 hole paper tape Highway output to be
accepted and read bty the MCS 920, A simple Lbinary output was produced from the
#CS 920 store which showed that the computer had accurately irterpreted the
Highway data tape. The experimer.t showed that the MCS 920 could Le used to
process Highway data in a similar marner to current practice on Pegasus or the
Elliott 503; it also indicates that, if the GEC Highway (or any other digital
recording equipment) were connected electronically to the CS 920 in an
aircraft, an integrated and self-contained recording and processing network
would be available. Such a system would have many advantages. It would be
independent of access to ground computers and would therefore provide very
useful overseas trials facilities; the comktination could Le used to record
and process data from different sources, on a time sharing basis using the
four levels of priority which are available (Appendices I and II refer) and
thereby handle simultaneous equipment trials on the same aircraft. Where a
double processing requirement exists (e.g. the two Pegasus routine required to

J/complete
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complete conversion of Decca co-ordinates to Latitude and Longitude and

then to distarce gone) initial processing ca: be completed in the air,
leaving the final processing stage to the ground computer. (It can te shown
that considerable time saving will ke achieved Ly this type of system; for
example current Highway/Pegasus processing of Decca co-ordinates to distance
gone in nautical miles takes up to 7 hours ground processing per 5 hour
sortie. Using the Elliott 503 (without backing store) this time may Le
reduced to about 3 hours whereas using an wCS 920/Elliott 503 comkiratior
the same results could be oltained ir. about 10 to 15 minutes after landirag.
Assuming that a "quick look" facility was available it could ke argued that
full ground processing could continue on the ground based computers at a
convenient pace, whilst the MCS 920 provided a guarantee of reliatillty, via
the "quick look" system, in high intensity flight trials.

11.2.2 i '0 CO a b .t

Although no direct evidence was obtained from the trial to
show compatikbility tetween the CS 920 and the Elljott 503 there is little
doubt that, givern a simple input routine, the 8-hole paper tape output from
the MCS 920°could have beer. fed into ard processed by the Elliott 503. It
is also possitle that a magretic tape sutput could be oktained from /CS 920
for direct feed to Elliott 503,

11.2.3 HCS 920 ag an Additjonal Ground Facility

Work undertaken to carry out an analysis, on the ground, of
the data recorded in flight (para. 11.3.1 refers) demonstrated that the MCS 920
was capable of meeting a high proportion of the ground processing tasks of
Navigation and Radio Division, A, & A.E.E. At the present time, with the
facilities of the Elliott 503 available, it would be uneconomic to set up
another ground computing facility in its own right. Furthermore, until
the MCS 920 Algol compiler program is available, a requirement to produce
separate programs for these computers would be undesirakle, However, since
the Elliott 503 will Le "off-line" at regular intervals for routine servicing
considerakle advantage could te gained from using an #»CS 920 as a contined
airborne/ground computer wher. the MCS 920 Algol compiler program Lecomes
available., The ground use of the computer could be subordinated to the airborne
task and would consist primarily of filling in the gaps when the Elliott 503
was being serviced or when pressure of work became unusually high. The
advantage of an "air transportable" digital computer are most appareit when
considering the promotion of overseas trials., Data processirg and analysis
could be progressed in step with the airborne trial at the overseas base; the
quick appreciation of faults in trials equipment, instrumentation or records
which such a facility could provide would te most useful in ensuring that flight
time was not wasted and would considerably reduce the overall time-scale of
the trial.

11.2.4 Gonclusions or. wmCS 920 Compatjkility

The MCS 920 can Le integrated into the existing A. & A.E.E.
trials facilities with little difficulty. The mobility and flexitility of
the computer suggests that it is best suited for comtined airtorne/ground use;
the computer can be set up to work in parallel with both airbtorne recording
and ground computing facilities at A, & A,E,E. The provision of an ¥CS 920
would increase the scope of airborne trials that could Lbe urdertaken by
A. & A.E.E., would provide a self-cor.tained overseas trials recording and
processing system and would provide a useful back-up to the Elliott %03 for
ground data analysis.

/11.3 LN ]
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11.3 Furthes Investigations irto MCS 920 Suitabjlity for Trisls Support

Further investigations to determine the suitability of the rCS 920
as a trials support equipment were made, in two parts, during the ground phase
of the trial. The results of this investigation are recorded in the following
paragraphs,

11.3.1 Practical Demorstratjor

By using the analysis programs listed in para, 11,1(k) a
complete analysis was made of the airborne data produced in the trial. Apart
from the reduction of Decca co-ordinates to Latitude and Longitude or Distance
Gone, all data processing and analysis was hardled on the )MCS 920. The processed
data was passed to the trials officers directly interested in Doppler and
I.R.S. performarce and, as a result, Tech. semorandum NR 2/65 (a copy of which
is attached at Appendix V) was issued. The emorandum details the corclusions
reached on sensory equipment performarce. Bearing in mird that the flying
phase of the trial was severely limited it can Le seen from this Memorar.dum
that the end product of the I.R.S. and Doppler flights has proved most useful.
Indded, in both irstances, the data produced by the iiCS 920 could not have
been obtaired so easily by any other systen: currently available at A, & A.E.E.;
both techniques employed were completely new trials methods based on the
simultaneous provision of Doppler/Inertial mixed navigation, I.R.S. control,
Doppler aerial stabilisation, high-speed recordirg of Doppler ard I.R.S.
parameters and subsequent post-flight analysis by the iCS 920 computer.

11.3.2 Paper Study

To establish some realistic cost/effectiveness estimates
for the use of the MCS 920 as a trials instrumentation device Elliott Bros.
were given two examples of typical trials requiremerts (para. 6.3 and Appendix
I11 refer). The Firm studied these requirements ard their estimates of cost,
time-scales, technical and programaing effort required to undertake the tasks
using the i.CS 920 are included in question and answer form at Appendix III.

120 T I
The following conclusions were drawn from the trial:-

(a) The ¥CS 920 computer has successfully demonstrated that it is
capable of performing ravigation tasks reliably, accurately and in
"real time"”,

(t) The speed at which the computer programs and sub-routines were
written for the trial and the integrity of performance provided by
these programs indicate that the wCS 920 is reasoriably easy to programn
in machirie code. The addition of an Algol compiler facility, currently
being developed by Elliott Bros., will te of further advartage irn this
respect.

. (c) The data obtained from the MCS 920 during the I.R.S. performance
and Doppler noise test flights could not have keen obtained so easily
by any other method currently available at A. & A.E.E.; these trials
indicate that the i.CS 920 would be a most valuable trials instrumentation
equipment in larger aircraft, such as the Comet. Successful development
of the MCS 920ii, a micro-miniaturised version of the MCS 920, could
well lead to the use of a digital computer in smaller aircraft, such as
the Canterra, Lightning or Hunter.

/(d) ...
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(d) The MCS 920 can be integrated into the existing A, & A.E.E. trials
facilities with little difficulty. The demonstrable mobility and
flexibility of the computer suggests that it is best suited to combined
alrborne and ground use. Working in parallel with both airborne
recording and ground computing facilities at A, & A.E.E., the MCS 920
would increase the scope of airborne trials that could be undertaken,
would provide a self-contained overseas trials recording and processing
system and would be a useful back-up to the Elliott 503 for ground data
analysis,

13. nd n

(a) Because of the promise shown by this initial trial of the MCS 920,
it is recommended that consideration ke given to the use of the computer
as a standard, airborne and ground, trials instrumentation equipment at
A. & A,E,E.

(b) If the MCS 920 is to be used as an airborne computer in future
Service aircraft, it is recommended that work should begin at the
earliest possible stage to determine what functions the computer should
handle. By this means it should be possible to exploit the flexibility
of the computer to the full,

(c) To take full advantage of the increasing use of digital computers
in an alrborne environment it is recommended that a readily available

library of standard navigation and weapon system programs, in clearly

exprossed mathematical (Algorithmic) as opposed to machine code form,

should be established at some specified central information depot.

REFERENGES
Ref No, Litle, etc.
1 Preliminary Report on .ACS 920 Computer Trial in Comet XS 235.
A. & A.E,E, Letter Ref. ANR 45/09 dated 21st April, 1965.
2 The Elliott iCS 920 Computer. Elliott Bros. Brochure
MCD/8/2/63.
Circulation List
D.A. Nav, 1 Copy
A.D. Nav. 1 1 Copy
Nav. 1(c) 2 Copies 1 for Action
T.I.L. 50 Copies
R.A.E. Head of 1.E.E. Dept. 1 Copy
R.A.E. Dr. G. E. Roterts 1 Copy
R.A.E. Likrary 4 Copies
R.A.E. Bedford 2 Coples

Elliott Bros. (L~ndor) -
Airborne Computirg Division
(thro' Nav, 1(c)) 4 Copies



Appendix 1

SHORT SUMMARY OF MCS 920 SPECIFICATION

The following paragraphs provide a short summary of the MCS 920 specification |
as quoted in Elliott Bros. Brochure MCD/B/2/63 - The Elliott MCS 920 Computer '
(Reference 2).

1. JIYPE. A parallel geper51 purpose computer with special facilities for

real time processina. Numbers are represented in the two's .complement
notation.

2. WORD LENGTH - 18 bits.

3.  INSTRUCTION CODE - 16 functions.
4. PRIORITY LEVELS - 4.

5. MEMORY CAPACITY - 8192 words. !

6.  INSJRUCTION FORMAT B i F N

1 bit 4 bits 13 bits
Yodifier| Function | Address
7. p MAND INSTRUCTION TIMES
FUNCTION IIME
Add 8 (27) us.
Collate 14 (31) us.
Multiply 167 (186) us.
Input/Qutput (Minimum) (26) us.
Priority Interrupt -8~

NOTE:- Times are those to execute the instruction. Times shown in
brackets include executing the instruction, incrementing the
Sequence Control Register and accessing the store.

8. INPUT/QUIPUT. The input and output system allows a wide range of
peripheral equipment to be connected to the computer. Though the input is
digital, analogue devices may be used with the addition of converters. The
computer can take in paper tape through a tape reader, and output it from a

tape punch. Electrical inputs and outputs are made to separate 18 digit
channels and an array of devices can be connected to these channels. In
addition there is a control connection consistirig of 11 wires to switch the
appropriate input or output device onto the input or output channel, and four
input and output select and reply lines to control the timing of events. Apart
from these connections there are three extra wires to indicate priority demands.

9. ENVIRONMENT. Ambient operating temperature -32°C to +52°C.
Sub-zero ambients need a warm-up period.
Storage temperature -40°C to +70°C.
Operating Relative Humidity 10-90% (without condensation) or
0-100% in special housina.
Vibration 1-100 c.p.s. at amplitudes less than 0.06 ins.
{0.1% cms) and 4g maximum acceleration.
Meets Military Spec. DEF 133(L2) or DEF 133(L3) in special
housinaqa.

10. POWER SUPPLIES. AIRBORNE APPLICATION: Voltage 1 208 volts + 6%

Frequency : 400 £ 20 c.p.s.
Consumption: 500 VA

/11,
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ARACT
: Length  ° Width Helght | Wetaht
! : , '
Computer (Military Pack) 3 ft. i1 ft. 1 ft. 2 ins.! 170 lbs,
Computer (Civil Pack) ' 2 ft. 10 ins.! 10 ins.| 2 ft. 11 ins.| 80 lbs.
Power Supply (400 c.p.s.)i 1 ft. 8 ins.] 10 ins. 7 ins. g 50 1bs. !



ye-ol

Appendix 11

This basic flight program occupied 3000 words of program and workspace.
It used two of the four available program levels: level one at 5 m.s. timed
interrupt and level three at 3720 m.s. period. Level one was used for
servicing inputs and outputs at prooram controlled intervals of 5, 10 and

40 m.s.

Level three program contained all the organisation and calculation.

The followina functions were performed:

1)

2)

3)

4)

5)
6)

Calculation and display of present position from inertial velocity
in x, y axes: also calculation and display of azimuth convergence
angle, P . In reversionary modes position was calculated from

Dopnler or TAS velocity, using either platform or compass heading.

Calculation and output of Doppler/Inertial errors; also Earth's
rate,Z-component and qravity correction. ’

Facility for repeated air alignments of the platform.

Planned and Random visual fixing including optional FMA correction
to the platform. Input and display of random fix data.

Calculation and output of groundspeed and drift anale.

Punch out of 24 words of data at one-minute intervals and at
fixes.

This program consisted of 3 basic sections:

1)

An input routine to read in the binary data tape produced by MC-0Ol.
The quantities on this tape were as follows:

Lminute daty Fix Data
1. Mode Markers Mode Markers
2. Time (minutes) Time (320 m.s. cycles)
3. VIX Time (10 m.s. cycles)
4. VIY FMA angle
5. VDX Lat. error
6. VDY Long. error
7. Red Decca As 1 minute data
8. Green Decca .
9. Purple Decca "
10. D/I error X "
11. D/I error Y o "
12, )
) Lat. - "
13. )
14. ) .
) Lona. "
15. )

/16.
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1 minute data Fix Data
16. Drift angle As 1 minute data
17. B angle _ "
18. Platform Heading "
19.” Compass Heading "
20. Across track error x "
21. Alona. track distance y "
22. x ' ’ "
23- ? L]
24. Calculated Track angle‘l‘T "
2) In addition, MC-03 calculated the following quantities:
2 2%
Donpler groundspeed: (V’Dx + Vpy )
; T - 2 23
Total D/I error: (le + Viy )
Inertial track: Tan"} vIXAVIY
Doppler track: Tan™} vOXADY
Heading error: Platform heading + Drift - Tan™! VDX/VDY-

3) MC-03 then rescaled all these quantities and used standard output
subroutines to produce a tcleprinter coded tape for print-out on a
Flexowriter or linenrinter. .

MC-020

A version of MC-03 to search throuah the binary flight data tape and only
print out fix data, to allow a quick estimate to be made of the success of a
sortle.

Another similar version of MC-03 was written to print out specified parts
of the total data over a chosen period.

¥Co0lA

This program was an extensive modification of the basic MC-01 to allow
a specific test to be made of the inertial platform during manoeuvres. On
receipt of a signal, which also started the ground range recordinn, the
program stored the current values of %, ¥ and ¢ from the inertial platform at
1/% second intervals. ‘When the starting signal was received for the second
time, the program ceased recording and punched out all the accumulated data
in binary code. Sufficient store space was available for up to % minutes
recording. As a confidence check on the program working, and the start
signal input functioning correctly, the program was arranged to drive up an
unused counter display whenever the start sianal was triggered with the
"Normal®™ button on the control panel depressed. An additional program
facility was available to record and punch out platform headinn and P anqle
st 2 second intervals, controlled by another switch input. In order to

/allow
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allow a high degree of accuracy and synchronisation with ground recordina the
top priority proqgram was re-written to allow the use of a 10 m.s. interrupt
signal instead of the usual 5 m.s. which was slishtly inaccurate. All
facilities of the MC-01 program were retained with the followina exceptions: -

1) One minute and fix punch-outs were suppressed.
2) FMA correction at fixes was removed.

3) D/I errors were held at zero during runs.

Processing Program for MC-OlA

A translation input program was written to enable information on 5<hole,
Ferranti-coded teleprinter tape from the Aberporth range, to be used by the 920.
The velocities recorded by the range were passed through an axis chanae, and
Earth's velocity was added to make possible direct comparison with the inertial
velocities recorded by the 920. Velocity errors in each axis were meaned over
5 samples, i.e. one second, and formed the output for printing oi. a Flexowriter.

MC-01D

This program was essentially MC-01 with the 10 m.s. interrupt top level
program. In addition a facility was provided to record Doppler velocity and
drift anqle at 1/10 sec. intervals, platform x and y velocities and headino at
1/5 sec. intervals. This recordina was initiated by a control panel switch,
and was automatically continued by the program for 2 minutes. At the end
of this period the stored data was punched out on tape. All MC-01 facilities
were retained. :

P r MC-

This program calculated the difference between doppler velocity and
calculated groundspeed, and between doppler drift anole and calculated drift,
for each 1/10 sec. interval. These differences were accumulated and used to
produce mean errors, root mean squares and standard deviations. The necessary
position data for each run was extracted from the one minute print out of the
flight and was fed in as a separate data tape.

L/ "p

These programs were written to read in the binary tapes produced by
MC-1A and D, and output samples of the recorded data at intervals of a few
seconds. This enabled a quick assessment to be made of the success of a
sortie. '
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Estimates of Cost, Time-scales, Technical and Programmin< Effort
R red to Undertake T Trials Tasks Using the MCS 920 Computer

1. To further investigatisns into the possikle use of the .iCS 920 for trials
instrumentation, Flliott Bros. (London) Ltd. were asked to make a study of two
typlcal trials requirement specifications. The study was to include estimates
of cost, time-scales, technical and programmin~ effort required to undertake these
tasks.

2. Annexure A contains details of a relatively simple task related to a
proposed flioht to Miami, for an I.A.T.A. conference, where the computer would
be required to demonstrate its suitability as an in=flight data processing
device.

3. Annexure B contains details of a typical major equipment trial requirement:
in this case the trial of an Inertial Reference System,

4. The study was conducted by means of question and answer; Elliott Bros.
answers to the questions posed by A, & A.E.E. are recorded i the following
paragraphs:- “

a.

How lona would it take to write the programs for each of the trials?

Apswer

The time necessary for the prevaration of proarams for the paper
exercises is shown below:-

Exercjse Mritino  Jestint  Iotal
(1) MIAmMI 4k Man/wks 1% Man/wks 6 Van/wks

(Data Processing)
(11) F.M.P. (Flight) 13 Man/wks 6 Man/wks 19 Man/wks
(111) F.m.P, (Data Processing) 6 Man/wks 2 Man/wks 8 Man/wks

NOIE: There is no reason why these three exercises should not be
worked on simultaneously by three proarammers. Further, by
usinn more than one programmer on the F.M.P, flight prooram

the actual time taken for the nrogram writing could be

telescoped by about ¥rd to about 9 weeks. It would not be’
possible, however, to shorten the testin~ time so that the
minimum time that this proqram would take would be 1% weeks.

b.  Question

How long would it take to build any necessatry interface units?

Answer

The time required to build the necessary interface by normal
production processes would be approximately 4 months., By laboratory
methods this could be reduced to a minimum of 10 weeks. 1t may,
however, be possible to use an existina interface unit, suitably
modi fied, which would show a considerable saving in time (i.e.,
subject to materlals beinq available in 4-5 weeks).

c. Question
What would be the likely cost of the programs?

/Anawer
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Apswer
The cost of preparing and testino the programs would be:-
MIAMI D,P, £330
F.M.P,

(Flight & ND.P.) £2,380

It should be noted that the time and cost figures quoted are
budgetary. The figures in practice are not likely to exceed and
will probably be less than those quoted.

d. Question
What would be the costs of:-
(1) Hire of computer per month of flight trials?
(i1) Hire of engineer to operate computer?
(111) Cost or hire of the necessary interface units?
{iv) Use of existino GEC Highway System as an interface‘unit?

(v) Magnetic tape output in addition to, or in lieu of, paver
tape? (Compatible with A. & A.E.E. 503 decks).

Apgwer
The hire costs for equipment, manning, etc., are as follows:~

(1) Computer and interface unit complete with tape reader and
& punch.
(111)
Short term limited neriod
approximately £1,500 per calendar month.

1 year minimum hire
apnroximately £1,000 per calendar month.

3 or 5 years leasings can be arrvanged at lower costs if
thought desirable (prices on application), but these would
only be economical if a continuous program of work beyond
the exercises under examination was envisaged.

(11) Enoineers to operate the computinn system on site are
available at £80 per man per week.

(iv) The cost of usint the G.E.C. Highway system as an interface
unit 1s a little difficult to arrive at as no direct
knowledae concerning the cost of this unit is available.
However, assumin~ that a Highway system is available there
would be no extra cost involved for the Miami D.P. exercise
as it has already been demonstrated that the punched tape
output from Highway is compatible with the 920 computing
system. For the F.M.P., exercise a direct Highway-MCS 920
feed might be employed and this would entail a special

/diqital

(Contd.)
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digital buffer unit. This might show some savin~ but a
firm statement to this effect could only follow a
detailed investigation into the optimum methods of use
for the two systems. It should be noted that limited
use of Highway with the 920 system has already been made
durina the current flight trials.

(v) The cost of providinan a magnetic tape output in addition
. to or in lieu of paper tape is another area difficult to

define. It can be stated, however, that it would not be
an economical proposition for the paper exercises
currently under consideration. 1In the event of more
complex and higher speed tasks beina undertaken
£lliott's would be happy to investigate and quote -
accordingly. The cost would be dependent upon the
number of parameters to be recorded, the frequency of
scan and the overall recording time required.

e. Question
What would be the relative costs of:-

(1) The firm's acceptance of the complete task on a hire basis
to produce the required answers?

(11) Hire of computer only?
(111) Hire of computer and writin~ of programs?

(iv) Hire of computer, kritinq programs and providinn ennineerina
support?

(v) Purchase of computer énd associated equipments?

Angwer

(1) The costs of Elliott's undertaking the entire task can only
to be alven in terms of costs per month of trial as the firm
(iv) has no control over the availability of the aircraft or crew

or over the British weather.

Over and above the basic programmin~ cost given in (c)
above, the cost can be obtained by adding to the cost of
computer and interface equipment hire (given in (d) (1)
above) the charges for three personnel on site and one rear
1ink support. This support will cost £1,387 per calendar
month or £1,280 per four week period. Additionally,
maintenance of the system may be required (for details

see (k) below). :

(v) The cost of purchase of computer and interface equipment
would be

One MCS 920A computer  £26,500 less 15%
One Interface unit £7,000 nett.

NOTE: A used machine in nood condition might be
available at a considerably reduced figure.

/£,
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f.  Question
How long would it take to train A. & A.E.E. personnel to operate

the computer in the air and on the around? Ithat would it cost to train
them?

Apswer
It would only take two days to train A. & A.E.E. personnel to

operate the computer in the air and on the oround. This trainino
would be free of charqge.

9. Question
How long would it take to train A. & A.E.E. personnel to write

programs for the MCS 9207 When will a 920/Algol compiler be
available?

Answer

Assumina some previous programming experience, it would be nossible
to train available A. & A.E.E. personnel to write programs for the 920
on a two week course. If a machine is purchased at list price, three
places are nrovided on Elliott courses free of charge - otherwise
the cost 1s £50 per man per course. The Alaol /920 compiler is expected
to become available before the middle of 1966.

h.  Suestion
To what extent could an Elliott 503 computer be used to nrenare
programs for the MCS 920? Can %03 Algol programs be converted by the

503 into 920 machine code? If so, what would it cost A. & A.E.E. in
time and money?

Answer

(1) The 503 computer can be used to prepare programs for the 920
computer if a 920 compiler program is first written.

(11) A 503 Algol program can be converted by the 503 to 920 machine
code provided suitable translation programs are wr;tten.

The ‘procedure would be:
(a) Feed 503 with Algol translator (available) - no output.

(b) Feed 503 with ultimate program in 503/Algol - output
binary tape (A).

(c) Clear 5013.

(d) Feed %03 with binary/machine code program (available) -
no output.

(e) Feed %03 with binary tape (A) - output 503 machine
code tape (B).

(f) Clear %03.

/(q)
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(g) Feed 503 with 503 machine/920 machine translator
(not written) - no output.

(h) TFeed 503 with %03 machine code tape (B) - output
920 machine code tape.

Whilst there is no doubti that this can be done, the storage
capacity might be the limiting factor.

(111) Probably a better way of achieving the same result would be
to produce a 503 program to convert a program written in
503 Algol direct to 920 machine code. There may be some
difficulty with this method until the Boscombe 503 has
some supplementary tape storage installed.

(iv) A further alternative would be to write programs in a
restricted Algol suitable for the 920 which could then
be run in either the 920 or the 503 {once the 920 Algol
compiler was available).

'J.  Question

How much of the proqrammiﬁg tasks would Elliott Bros. be able
to undertake without sub-contract?

Answer

Elliott Brothers can undertake all the programming tasks covered
by the paper exercises without resort to sub-contract. Other tasks
would have to be examined in the light of current work load, required
delivery and complexity of the future tasks involved. The Firm will
be happy to advise and quote against any prepared specification.

k. In addition to the above questions the firm were asked to comment
on what would be necessary to maintain and support an MCS 920 computer
in use at A. & A.E.E., and in fact any other information considered
relevant. The reply received was as followss-

. "If A. & A.E.E. were to hire a 920 computing system on a short

term basis, an "on-call" contract can be arranged with Elllott's
Computer Maintenance Division. The cost of this would be
approximately £25 per day when called, inclusive of all travel and
incidental expenses, but exclusive of material.

If, however, A. & A.E.E. were to purchase a computer or obtain
one on a long term hire or lease, then a different arrangement would
be available which would include reqular visits for routine and
preventative maintenance. The cost of this type of contract would
be approximately £850 per annum covering computer, tape reader, tape
punch and interface unit. Without the interface unit, this figure
would be reduced to £600 per annum. BRoth .figures include all
routine preventative maintenance and an emergency call service on
a single shift bases, i.e., 9 a.m. to 5 p.m., Monday to Friday,
public holidays excepted. The figure also includes all spare
components."
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Proposal for Use of Ell MCS 920 on Miami Exercise

1. To meet a suggestion that the A. & A.E.E. Comet be positioned at Miami,
during an I.A.T.A. conferengce, as a static diSplay of a well equipped trials
aircraft, proposals for the use of the MCS 920 wesre drawn up. The following
paragraphs outline these proposals, which are aimed at the use of the MCS

920 without undue expense to A. & A.E.E, and without asking Elliott Bros. to
provide a complex comguter progranm,

2. Outline Proposal

It is suggested that the GEC Highway recording system, already in the
aircraft, is used for the recording of all information and that the Elliott
MCS 920 §s used solely for data processing. The advantages of this idea, which
appears from initial investigation to be practical are:-

(a) 1t divorces processing from recordings.

(b) PRoth functions can be carried out independently.

{c) 920 programming and preparation would be simplified.

(d) Highway recording provides a permanent record of flight. it can
then be processed in flight, or on.ground.. -

(e) The installatior, has good demonstration potential.
(f) A minimum of wiring and interface equipments is required.
3. Hjghway Quantities
Highway will be used to record the following quantities on S hole paper
tape. The sampling speed will be once per two minutes throughout. It will
be desirable to ident Highway for random fixes.
() F.M.P. d. lat. d. long X and Y velocities (from "Navigate™)
(11) Decca Red. Grean. Purple and Chain: Reliability
($31) T.G.P. Fine and Coarse Hdg.
(iv) Doopler Drift and dist. gone.
(v) Time.
(vi) Heading F.M.P. if avallable.
4. 920 Processina
Input to the 920 will be by paper tape. 920 will require a data
processing program to be written by Elliotts. This program will require
finance from A, & A.E.E. as decided between ourselves and Elliotts. The
output of the 920 in telecode will be fed into a Flexowriter and orinted

out in the air, possibly using rolls of Highway Tape at half hourly
intervals.

S. Elllott Program Reguirements

The requirements of the program (aoreed with R.A.E.) to be written
by Elliotts !s outlined below:-

/(a)
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(a) Essential Items
Time ' Soembley clock
Time From IN to "Navigate"
Decca Red-Green, Purple, Chain, Reliability
T.G.P./Doppler Posn. Lat. Lona.
T.G.P. Corrected True Hdg.
Green Satin Drift
Green Satin Distance Gone
F.M.P. Posn. Lat. Long.
" (b) Highw De b
F.M.P, X and Y velocities
Difference F.M.P, X and Y Velocities with Resolved
Doppler Vel., Drift and F.M.P, Hdg.
(c) Desjrable
Difference N. Miles F.M.P,/Doppler Positions
F.M.P. Heading

(d) Agdditional Reguirements from Random Fixes

(To be fed in by 920 Engineer on Flight)
F.M.P. _ Error In N. Miles
T.G.P./Doopler " " "
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Annexure 'B' to

Appendix 111
Computer Programme Reguirements for a Comet Jrjal
of an Inertial Reference System
- ulations
(a) Navigatjon
(1) From platform azimuth, doppler drift and velocity calculate
present position in latitude/longitude ¢D’ XD'

(11) From increments of latitude/longitude from platform Navigation

Computer produce present position in latitude/longitude ¢§')b'

(1i1) From inertial velocities (whole number, North/East -axes)
calculate present position in latitude/longitude ¢I’ Xi.
Allowance for changes in Earth's surface velocity must be
made in this calculation,

(b) Eixing
(1) Fix positions will be at prescribed Decca intersections or

manually inserted positions.

(11) At Decca fixes the actual fix position is to be obtained by
reading the Decca co-ordinates on pressing the 'fix' button
and interpolating from the co-ordinates of the aimed point.,

(i11i) Fixes may be initiated either by a manual 'fix' button or
automatically at a designated across track Decca reading.

(iv) .FMA corrections are to be calculated at designated fixes

and included in the calculations of 1(a)(i).

(c) Steering

(1)

Along and across track steering information to steer to the
next fix point is required.

(d) Recording

. (1)

(11)

The following information is required at one minute intervals;-
Platform azimuth angle; doppler drift angle; FMA correction
angle; %; ¢p; Ors )\D;)\p; 7\13 Decca RED:+ Decca GREENj

Decca PURPLE; Mean doppler velocity East over last minute;
Mean inertial velocity East (corrected for Earth's velocity)
over last minute; mean doppler velocity North over last minute;
mean inertial velocity North over last minute; track angle
computed from inertial velocities; along track distance to gos
across track distance; time.

The following information is required at fixes:-
ﬂD; Decca interpolated latitude ¢b; Api  Decca interpolated

longitude XC’ Decca RED; Decca GREEN; Decca PURPLE; Fix mode;
Time,

/(e) ...
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- (o) Displays

The following displays are desirable:~

(1) Present position from doppler. .¢D; A pe

(ii) Along track and across track distances.

(111) Along and across track steering signals (d.c. voltages)

(iv) Topographical display. This requires increments of distance
North and East derived from the platform latitude/longitude
increments, and increments of track angle derived from
inertial velocities.

2. Dats Reduction
(a) Print-out of basic one minute information,
{b) Print-out of fix information,
{c¢) Quick-lock velocity print-out:

Time; (Mean inertial velocity - mean doppler velocity) East;
{Mean inertial velocity - mean doppler velocity) North.

(d) Position data print-out:-

Time; Decca position (Decca co-ordinates converted to latitude/
longitude); (Platform-Decca) position East/MNorth; (Doppler -
Decca) position EastMorth; (Platform - doppler) position East/
North; True track (Platform azimuth + FMA correction + doppler
drift); Track computed from inertial velocities; track error;
(Platform - Decca) position along/across true track; (Doppler -
Decca) position along/across true track; (Platform - doppler)
position along/across true track.

[MP-A Interface
Outputs from the IRS system are:-

(a) Azimuth as a 13 bit V-brush encoder (external logic).

(b) Latitude/Longitude increments by a two-phase switch encoder.
Scaling is 40 switch cycles per arc minute,

(¢) Velocities as d.c. voltages scaled at 12,5 mV per ft./sec, An
analogue to digital converter (Astrodata type 3000) is available
for conversion of the velocities to 14 bit + sign accuracy, but the
two way switch to time share the converter must be controlled by the
computer and is not yet designed.

Iepographical Disolay Interface

# transmission is used for all three channels. For distances East and
North the scale is selected to suit the map scales 24 revs per nautical
mile at 1/4 million, 12 revs per n.m. at 1/2 million, 6 revs per n.m.

st 1 million. The map scale in use is indicated by a selector switch.
One rev has six steps if a +/- system is used and 12 steps if 2 +/0/-
system is used.

Track angle is transmitted at one rev per six degrees.

1EE Oepartment,
RAE Farnborough
8th January 1965
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RESTRICTED

AEROPLANE AND ARMAMiNT G5.UCRIMONTAL ESTABLISHMENT
BOSCONMBE DOWN

Navigation and Radio Division Technical Memorandum NR 2/65

Further flight trials of Tony Dopnler (A.R.I.23133) and Inertial
Reference System (I.R.S.) Type 200 in conjunction with an
Elliott 920 Digital Computer - Comet XS 235

by
Flight Lieutenant G.C. Dyer R.A.F.

Summary

Trials aircraft Comet XS 235 of Boscombe Down was recently
engaged in an airborne evaluation of an Elliott 920 Digital Computer.
Opportunity was teken during this couputer evaluation to obtain further
data on Tony Doppler and Inertial Reference System (I.R.5.) type 200
performance. This technical liemorandum details the results obtained
during the flight trials of these primary navigation sensors.

This Memorandum is issued with the aut:ority of

-~ f" ! " T
e l
Superintendent of Navigation & J.adio
Division.
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1e Introduction

During the period 15th March - 6th April 1965, triale aircraft
Comet XS 235 at Boscombe Down was engaged in an airborne evalustion of
an Elliott 920 Digital Computer. Certain primary navigation sensors
were already fitted in the Comet aircraft and it was decided to operate
these equipments in conjunction with the 920 computer. This arren;ement
fulfilled a triple purpose:-

(a) It would provide an assessment of the computer's ability
to 'navigate' with high accuracy sensor inputs.

() It would enable the flexibility of the 920 computer as a
trials deta recording and processing device to be examined.

{c) It would provide further in-flight date on Tony Doppler and
I.R.S., Type 200 performance.

The performance of the Elliott 920 computer is the subject of a
formal Navigation and Radio Division, A. & A.E.E. report. This Tech.
Memo details the results obtained with these further flight trials of
Tony Doppler and I.R.S. type 200,

T Doppler (L.R.l. Triale
2, Aims of the Trial
The aims of the trial as far as the Tony Doppler was concerned werei-

(a) To check signel/noise rotios at various altitudes and benk
angles.

(b) To measure the fluctuation or 'noise' on ground speed and
drift outputs.

(¢) To carry out a further check of the distance gone accuracy at
low level.

3. Sumery of Flying

The Tony Doppler was operated in the air for a total of 36 hours on
the 10 sorties flown. Of these ten sorties two only were devoted to
specific tests on the Tony Doppler. On one of these, twelve recorded
runs were carried out to measure signal/noise ratios and groundspeed/
drift noise at altitudes between 250 feet and 40,000 feet in strei;ht and
lovel flight and with bank angles up to 30 degrees. The other soriie was
carried out at low level i.e. at 250 feet - 500 feet A.G.L. to obtain a
distance gone accuracy assessment.

4. 1e: cegbilit

The B11. model equipment was used for 35 hours of the 36 hours flowm.
The remaining 4 hour was used to confirm the servioeability of the B.7
model equipment. Both equipments were modified to 'nuvistor' standard,
had error trip levels set at 2% and had 820 ohm drift time constant resistors
fitted. The Doppler performance throughout the trial was good and no
failures were recorded.

/5. Instrupsntation



5. Instrumentation

5.1. Airbome Instrumentation

In accordance with the aim of the parent trial, the evaluation
of the 520 computer, the primary recording of data was carried out in the
920 computer. However, in addition, & Ferrograph Tape Recorder was used
to record a spoken commentary and one output from the Doppler.

5.1.1. 920 Computer

As well as carrying out navigation calculations the
920 computer vas used to record and store the following parameters which
were punched out on paper tape immediately after each 2 minute run.

Doppler drif% angle (6D) - every 1/10th second

Doppler groundspeed (V. ) - every 1/10th second
(Doppler Velocity
Counter reading)

I.R.S. heading (vp) - every 1/5th second
I.R.S. l(m;rizsntt)ﬂ. velocities _ every 1/5th second
X, IY
Latitude () - every 1 minute from
. the normal navization
1.R.S. transport angle (8) print-out

5¢1.2. Ferrograph Recorder

The model used was & twin track machine, type 4C/IW,
with a frequency response up to 15 Kc/s.

Irack 1

On track 1 a spoken commentary was made detsiling
aircraft height, roll angle and remarks on qualitative
performance e.g. whether tracking or on memory and
approximate groundspeed and drift readings.

Track 2

This track was connected to the output of the audio
amplifier in the Doppler tracker unit and recorded
the received doppler signal used by the frequency
tracker to derive groundspeed and drift.

5.2, Ground Processing

5.2010 220 Data zm.

The Elliott trials team at Boscombe Down wrote a
special 920 computer program to anclyse the computer flight data tapes.
For each run the program produced the following quentities:-

Mean groundspeed difference (V)

Mean drift angle difference (5)

Doppler groundspeed noise (n')

Drift noise 0p)

The equations used in the program to derive these
quantities are given and described in Appendix 'A',

/5.2.2. Ferrograph



5.2.2. Ferrograph Tape

The Ferrograph tape recording was analysed by the
Decca Radar Company engineers using an R.R.E. spectrum analyser (Iywe
E.901). The mean receiver signal to noise ratio for each run vas
obtained by relating the peak spectrum amplitude to peak noise level,

6. Trials Results

The results of the signal/noise ratio and g:ronndspeed/drift noise
measurements are given in Appendix '3B', The results for the low level
distance gone accuracy assessment are given in Appendix 'C'. The
following sub paragraphs summarise the results obtained.

6.1. Siznal/noise Ratios

In straight and level flight over land the received signal/
noise ratios were satisfactory, being 26 4B over the trip level at 250 feet
and 16 dB over the trip level at 40,000 feet. Over sea at 40,000 feet
the margin was 12 dB. (R.R.E. have stated that these figures are
approximately 6 4B less than theoretical design values).

With 11 degrees of bank at 40,000 feet over land the signal
to noise ratio was 3.5 4B over the trip level. Thus over a feirly calm
sea in similar conditions of flight it is probable that the signal to
noise trip would be actuated.

6.2, Groundspeed Noise

The mean groundspeed differences found were satisfactorily
small, being in each straight and level case very close to the least
significant bit size of the datum inertial velocity i.e.1.& ft./sec. or
«95 kts.

The 'percentage noise' values on groundspeed were between 1.39%
at 250 feet decreasing to 0.34% at 40,000 feet. The increased noise at
low level is consistent with theory and is due to the increased effect of

'scanning noise'.
6.3. Drift Noise

The drift noise values show that with the servo feedback
resistor decreased from its original design value of 6.8 K ohms there is
still some oscillation of the aerial in drift. This is not considered
to be important if the doppler is used in conjunction with an aaalozue
computer or a digital oomputer with a sampling rate of several times per
second.

Previous trisls at A. & A.L.E. have shown that if the doppler
drift servo is further slugged there is a danger that the tracker will not
be able to follow real fluctuations rapidly enough and the error trip
circuit will be actuated.

6.4. Distance Gone Accurscy

The distance gone accuracy assessment was carried out in the
same way a8 on previous trisls with the Tony Doppler, with the exception
that the navigation equations in this case were solved in the 520
computer. The instrumentation was the same as on these previous trials,
in that Highway, the permanent digital recording system in Comet XS 235,
was used to record doppler distance gone increments and Decca fixes.

/The assessment ...



The assessment was made Ly accumulating distance increments
measured between Decca fixes taken at intervals of 20 seconds, ond
comparing the total with accumulated Doppler distance gone. A full
description of this technique is given in A, & A.Z.B. Report No. Tech. /
268/Nav. Part V. The route chosen was the 100 n.m. leg between iLoscombe
Down and Hartlend Point; this route having been previously !'Decca -
calibrated', Corrections were applied to the datum to reduce systematic
Decca error and the resultant date was smoothed to reduce random Decca
noise. Based on Decca noise at the time it is estimated that the
residual error in the technique was 200 feet i.e. .03% in 100 n.m's,

Three assessment runs were carried out, the results obtained
being shown in Appendix 'C'. A mean error of +.17% was found.

Note: Combining these results with similar samples from orevious

trials, namely +.06% and +.17%, an overall mean error of +. 15 is
obtained. '

Inertial Reference System SI.R.S.) Type 200 Trials

7. Aim of the Trial on the I.R.S.

Two sorties were flown to assess the accuracy of the inertial
velocity outputs from the inertisl reference system during various
turning and climbing manceuvres. The manoeuvres were carried out in
the area of highest accuracy cover of Aberporth Range FPS 16 radar.
The FPS 16 radar provided datum velocities for the platform x, y and z
channels.

8. Trials Equipment

The equipment used for the trial was the existing installation
comprising the I.R.S. itself, Tony Doppler, and the Elliott 920 Computer,
with the addition of a Transponder beacon. The transponder beacon
enabled the FPS 16 radar to tracik the aircraft with improved accuracy.
The only other modification to the overall Comet installation wes to the
wiring of the Tone circuit. This enabled the 920 computer to start
recording when the tone button was pressed.

9. Irials Procedures
9.1. Manoeuvrea Tested
Four manoeuvres. were carried out on each sorties-

180 level turn with 45 bank, at 16,500 ft.
180 level turn with 300 bank, at 16,500 ft.
180° level turn with 15 bank, at 16,500 ft.
ilax, Patc olimb for 1 minute, from 16,500 feet,
The sortie profile is shown at Figure 1- to this memorandum.

9.2. Platform Levelling

To ensure that the platform was correctly levelled prior to
the commencement of a manoeuvre the aircraft approached the ran e ares
on a straight run in of 50 n.m's. during which time full D/I mixiny was
taking place.

9.3 Platform Alipmment
A secondary aim .of the flight was to assess azimuth gyro

drift rate bty allowing the I.R.S. to 'run-free! throughout the flight.
As unknown misalignment of the accelerometer axes at the time of manoeuvre

/would introduce ...
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would introduce errors into the assessment the followinz precautions
were taken:-

(a) Pre-flight alignment was carried out in the magnetic
mode, the platform being slaved to an accurately surveyed
heading set into the Comet G4B/T.G.P. installation. (It

was found both on these two sortiesand other sorties in the
920 Computer trial, where a magnetic alignment sequence was
used, that at completion of the alignment sequence the
azimuth binary readout on the platform was 0.3 high on the
T.G.P. reeding. To get platform heading to e with
surveyed heading the T.G.P. had to be set 0.3 1low. The
compressed time scale of the 920 computer trial made it
impossible to carry out bench tests to prove the accuracy of
the platform azimuth binary readout, as this would have
involved removal of the platform and delay.. Tests were not
carried out at completion of the trial as development work on
the platform was cancelled.)

(b) Heading checks, using AVN 1 Astro Tracker information
recorded on Highway, were taken on each 50 nm leg inbound and
outbound the range. Instantaneous checks every 2 secs. Were
meaned over a 2 minute veriod. Simultaneous recording of
rlatform heading and beta angle allowed -the misalignnent
between range axes and aircraft axes to be determined et

the time of manoceuvre.

10. Instrumentation

10.1. Airborne Recording

The parameters detailed below were recorded by the 920
computer in-flight:-

10.1.1. On each 50 n.m. leg inbound and outbound the xrange,

Platform Heading
Beta Angle

every 2 secs. for a selected 2 min. period (i.e. coincident with recording
of Astro tracker heeding on Highway).

10.1.2. During menoeuvres,

Platform x, y, % inertial velocities
Beta Angle

every 1/5th sec.

10.2. Ground recording - Aberuorth Range

The Aberporth F.P.S. 16 radar provided datum velocities during
manoeuvres also at every 1/5th sec, As these velocities were related to
a grid North line drawn through the F.P.S. 16 radar base, knowledge of
the misalignment between range axes and aircraft axes (see para. 9.3.
(b)), was necessary to make an axes rotation correction in data analysis.

Aberporth estimated that with the smoothing period they
adopted on the range information i.e. 4 secs, the radar velocity noise
was limited to about 1 ft/sec. in each channel. The data analysis
carried out however suggested that 2.5 ft./sec. was more representative.

/10.3. Synchronisation



10.3. Synchronisation

Synchronisation of air and ground recording was achieved by a
tone signal generated from the aircraft just prior to the start of the
manoeuvre. The initiation of the tone started the 920 Computer recording
and also provided a zero time datum for the ground recording. Both air
and ground recording ceased on a second tone transmission at the end of
each manoeuvre.

10.4. Ground Computing Facilities

The platform inertial velocities and F.P.S. 16 radar
velocities were subsequently compared in the 920 Computer by the Elliotts
trials team. The major steps in the specially written program were as
follows:-

(a) Aberporth information in 5 hole, Ferrenti coded televrinter
tape was input into the 920 using a special translation program.

(v) The velocities recorded by the range were passed through
an axes change and Earth's velocity added to allow direct
comparison with recorded inertial data.

(c) Velocity errors in each chennel were meaned over 5
samples (i.e. one second), and were output for printiig on
a flexowriter.

11. I1.R.S. Faults

The I.R.S. performance was generally satisfactory during the 36 hours
of airborne operation time. The following faults however were noted:-

(a) A fuse blew several times in the boost heat circuit during
initial platform gyrocompessing. Due to the compressed time scele
of the trial, the fault was not fully. investigated and the fault
area was bypassed by using a magnetic alignment technique.

(v) An intermittent fault in the roll cut-out circuit occ%sionally
allowed the Tony Doppler to remain locked on even though 10~ bank
was being exceeded.

(¢) The scaling of the Y intesrator F.l.A. (Fix monitored azimuth)
correction within the I.R.Y. was found to be in error. This was
due to a slight change in the value of a resistor within the

I.R.S. The fault was bypassed by a computer program modification.

12, Irials Results

The results obtained are discussed in the paras. below and are
given in tabular form in Appendices D and E. The analysis proved io be
far more tedious than hed been visualised. The major problem in
comparison of air and ground wlocity plots is to ensure the velocities
are measured with respect to the same axes. Hence the precautions taken
to assess platform misalignment at the time of manceuvre. Initial
analysis suggested that there was a discrepancy between the datum used
for platform heading and the alignment of the accelerometer axes, and
further analysis was hence necessary. Difficulties were encountered
with noise on the Aberporth recording estimated at 2.5 ft./sec.

12.1. Scaling and Azimuth Errors - D[I Mix Phase

12.1.1. The high rate of recording allowed a reasonabls
number of samples of D/I Mix system velocities to be compared with range

/velocities in ...
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ve%ocities in the period from manoceuvre start to doppler cut-out (i.e.

10" bank or pitch as appropriate). Such comparisons provided a measure
of the scaling and azimuth errors in the D/I liix loop (i.e. the system

errors). Results are given in Appendix D. :

12+1.2. The results show there was a track error in the
navigation system which was considerably bigger than the error in the
platform heading output indicated by the astro check. The mean value
of the discrepancy was 31 mins. of arc. This tends to support the evidence
of an error in platform heading read out (para. 9.3.(a)) but this cannot
be verified. In any case this would not account for all the error,

12.2. Scaling end Azimuth Errors - Pure Inertial Phase

12.2.1. Initial Analysis

The astro heading checks indicated that platform
misalignment at the time of manoeuvre was small. A rotational correction
equal to the I.R.5. transport angle (B) was applied to the range velocities,
and a first comparison with inertial velocities made. The form of the X
and Y channel error plots pointed to either desynchronisation betveen
ground and air recordings or an uncorrected accelerometer axes misalignment.
Desyndhronisation was rejected as comparison of Z channel velocities was
satisfactory.

12.2.2. Further Analysis

Further analysis was undertaken by the Elliott trials
team to confirm the evidence of accelerometer axes misalignment. °
Comparisons of velocities were made in the computer with various velues
of axis rotation and assumed scale factor errors until the residual exrror
plot was reduced to zero.

Appendix E details the apparent axes miselignment,
i.e. the rotation (additional toP), and the scale factor .that was required
to reduce the error plot to zero. The misalignments found wexe
consistent for a particular sortie, but not for the two corties (-25, +25
mins. arc). The discrepancy found in the D/I Mix phase was =31 mins. arc.

The X and Y ascale factor errors were found to de
2,1% and 0.8%. Due to the smaller velocity range expericnced in the Z
channel, coupled with 'noise' in the datum information it was more
difficult to measure its scale factor. Where possible the performence
of the Z ghannel has been presented in the form of velocity 'drift!
(£t./sec.), from the datum velocity. The 'drifts' measured veried
between maximums of +.05 ft./sec. .

The analysis took 3 months to complete but other.
factors which influenced the time scale were a 50% cut in the llliott
trials team, and errors found in the Aberporth data tapes. The range
reproduced two additional sets of data tape before satisfactory analysis
could proceed. At Aberporth, the besic FPS 16 radar information is
produced on Hollerith cards; althougzh the range was able to transfer
the data to teleprinter tape form (for 920 compatibility) they possess
no ‘'playback' facilities to check the accuracy of the copy tape.

13. Conclusions

13.1. Tony Doppler
(a) In general, Tony Doppler performance was very satisfactory,

the 820 ohm value for the drift time constant resistor veing
proved suitable for the Comet environment.

/(b) In straight ...
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(v) In straight and level flight over land and received signal
to noise ratios were sa.gisfactory, but 64B down on theoretical
design values. ith 11~ of bvank at 40,000 ft. over land the
signal to noise ratio was 3.5 dB over the trip level., Over a
fairly calm sea in similcr conditions of flight it is »robable
that the doppler signal to noise trip would be actuated,

(c) There was a good marzin of sigmal +n hand at 250 ft. and
it can be concluded that the equipment would have tracl:ed
satisfactorily at lower altitudes,

(d) The accuracy of Tony Doppler distance gone at low level,
assessed over 5 legs of 100 n.m's. was +,15b.

13.2. Inertial Reference System

(a) The trial revealed some disconcerting azimuth enomalies
within the I.R.S. type 200, There was an inconsistent
difference between the ayrarent alignment of the accelerometer
axes and the datum used for platform heading.

(b) The X and Y channel velocity errors, i.e. 2.1% and 0.6k
respectively, were outside specification. Difficulties were
experienced in assessing the Z channel due to noise in the
range data. There was however no significant scale factor
error, i.e.> 2% in that channel,

13.3. General

The ability of the 920 Digital Computer to cope with the
variety of tasks undertaken, showed its value as an airborne data
recording and analysis aid.

14, Recommendations

The following recommendations are made from the results of these
flight trials:-

Tony Doppler

Further flight trials are required to check the performance of Tony
Doppler in those areas which have not yet been investigated, e.g.
performance and accuracy checks over sea.

Inertial Reference System

No direct recommendation is made with respect to the I.R.S. type
200 as development work on this inertial system hes been cancelled.
However, the azimuth errors found emphasise the need for all internal
components of an inertial system to be aligned with the greatesi care to
a common datum.



Appendix 'A' to
Tech: Memo. iR.2/65

Equations used in '920! Doppler Analysis Program

1. Mean Groundspeed Difference gﬂ

This represents the mean difference between doppler and inertial
groundspeed. It should ideally be zero, or at least very small vien
measured over a period of time. This was calculated from:-

= 2 2
Va %z[i’n - (vx + Vy )%:]ft./sec.
where Vx - va - RY cos A\ cos B

Vy - va - Rif cos A sin B

N = No. of 1/10th second samples
R = Effective radius of the Earth
W = Angular velocity of the Earth

2. Mean Drift Angle Difference (¥)

This represents the mean difference between doppler and inertial
measurements of drift angle. As with groundspeed, the mean difference
over a period should be small and is calculated from:=-

Taq 3 6n - (q;p - tan! vx) degrees
N Vy
where BD = Doppler drift

\vp = Platform heading

The calculation does not provide an sbsolute measure of doppler
drift error as platform misalignment is included in the term

(v_ - tan"™ ¥x )
P Vy
3. Doppler Groundspeed Noige (T‘g,)

Measurement of groundspeed noise or fluctuation in groundspeed
output provides one figure of reference for use in the optinisation of
a doppler/inertial mixed navigation system.

This fluctuation is conveniently expressed by the standard
deviation of the instantaneous groundspeed about the mean i.e.

('nv)2 '%[VD'VDT

The results table at Appendix 'B!' shows this fluctuation e:xjressed
as a percentage of groundspeed.

4. Drift Noise (nD)

During development and testin: of the Tony Doppler by R.R.7”. and
A, & A.E.E. the rate feed back resistor in the drift servo has been
subject to change in value in an attempt to optimise drift oscillation
of the aerial. For the purposes of this trial, however, the resistior
was fixed at the now accepted 820 ohm value throughout.

/The foliowing ...



Appendix 'A' (Cont'd)

The following calculation was nerformed to provide a measure of
drift oscillation:-

T]2_2_ e
D N Ai-Ai_J
AN

where 8, = & - <1£f - ten™! B)
i D P Vy

The standard deviation of the drift noise (n,) has be calculated
above from the deviations in the doppler drift angle from the drift angle
defined by the inertial velocities., The value of T)D provides & jood
estimate of the accuracy in an instantaneous reading of doppler drift,
as platform misalignment does not affect the calculation.
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Appendix 'C' to
Tech. Memo., N2 2/65

Tony Donpler Distance Gone Accuracy

1. The table below shows the ‘results obtained on the flight used to
agsess Tony Doppler distance gone accuracy.

Run Date Route Mean Ht Dist. Gone
No. Direction AGL % Error
(feet) ‘
1 6th April]| Boscombé - | . 500 +415
1965 Hartland Pt.

2 " Hartland Pt.4 500 +.18
Boscombe ’

3 " Boscombe - 250 +.23
Hartland Pt.

from which T = +,1T%



Appendix 'D! to
Tech., Memo. IR 2/65

Aberporth Sorties Analysis

Scaling and Azimuth Errors of D[I Mix Loop -

1. The table below shows the scaling and azimuth errors found in
the D/I mix loop, as estimated from initial velocity errors w.r.t.
range.
(1) (2) (3)
. , Discrepanocy between
Date Run | D/TMix [ D/I Mix Platforn Platforn Nleading
Scaling Azimuth Heading
. Yo | Error % | Error (Mins) | Error (Mins) Error and D/I
' ' : AZ error (iiins)
3003.650 1 +032 -31 +6 -37
" 2 +.68 =43 +1 =44
" 3 +455 -44 -1 -43 -
" 4 +.50 -47 +3 =50
31.3.65. 1 +.85 -28 -10 -18
" 2 +.86 ~41 -19 -22
" 3 +.49 -48 -18 =30
" 4 +1.07 -55 -13 -42
Notes:-

(1) A positive scaling error implies that the velocities in the
nav. system were greated than the reference.

(2) A negative value for the agimuth error implies that the
doppler velocity ‘was resolved about a track angle less than the
reference.

(3) A positive platform heading error indicates that the
heading output of the navigation system was greater than the
astro heading. The quoted results were found from the mean of
two astro runs made immediately before and after the range, on
reciprocal headings.




1.

Aberporth Sorties Analysis

Horizontal Channels

Scaling and Azimuth Erreors - Pure Inertial Phase

Appendix '3' to
Tech. Memo il2 2/65

The table bLelow shows the misalignment of the accelerometer axes,
and X and Y channel acale factor errors deduced from the pattein of
inertial - ronge errors over the period of pure inertial navization on

the range:-
. Discrepency |
Accelerometer|Platform| betiieen
Run|, X Channel)Y Channel Axes Heading |Accel. Axes
Date No. Uanoeuvre Error % |Error % [Misalignment | Errors |and "latform
(Mins) (Mins) | Heading
30.3.65./ 1 [45° Tum | -2.9 ~1e3 =23 +6° - =29
" 2 [30° Tam | -2.0 0.7 =23 +1 ~24
" 3 [15° Tum | -2.1 -0.7 -23 -1 ~22
31.3.65.] 1 " [45° Turn | -2.1 -0.6 +9 -10 +19
" 2 [30° Tum | -2.1 - +9 -19 +28
" 3 115° Turn | -2.1 -0.6 +9 -18 +27
| !
2. Yertical C el

terms of its 'drift' from the datun range velocity.

The table below shows the performance of the vertical chanrel in

Where no

result ias

quoted the range data was too noisy for an assessment to be made.

Date ?;‘? Manoeuvre ( flt’%::z ) Date ::? Manoeuvre ( fi);:f:Z )
30.3.65. [1 | 45° Tum - 31.3.65. |1 | 45° Tum +403
" 2 |30° Tumn +.05 " 2 | 30° Tum +.03
" 3 | 15° Tum -.01 " 3 | 15° Tum 0
" 4 Max ~.05 " -4 Max -
Rate Climb Rate Climb
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FIG. 5

Date 30 Mar 65 Run No. 1
ABER CK~-
A/C LANDED:- 17347
PRINT OUT ¢- 18157
Time Vex Vey Vez
+0
+ 510.4 + 27%.2 + 819.2
+5
+ 540.8 + 312.0 + 822.4
+10
+ 534.4 + 310.4 + 836.8
+15
+ 481.6 + 240.0 + 841.6
+20
+ 425.6 + 124.8 + 824.0
PPLER =L 1 Apr 6%
A/C LANDED:- 16107
PRINT OUT 1- 17057
RUN 1: LOW LEVEL;y S & L 1306 30
).(p Yp ¥p Yy Drift
(includes Earth Rate)
+0
+ 1243.2 + 120.0 + 68.751 + 307.4 - 1.812
+9
+ 1249.6 + 123.2 + 69.102 + 316.0 - 1.637
+10
+ 1257.6 + 121.6 + 69.608 + 323.2 - 1.307
+1%5
+ 1256.0 + 120.0 + 69,651 + 313.2 - 1.%49
+20
+ 1249.6 + 116.8 + 69.124 + 313.2 ~ 0.362
EIX _PRINT-OUT DAJE: 6/4/6% ELI?ﬂ NO.
920/10
A/C LANDED:~ 15307
PRINT OUT :- 15957
Mode
C.P. No. Time F.M.A. Lat. Error Long. Error
Red Green  Purple D/I Error X D/1 Error Y
Latitude
Longi tude
Drift B Plat. Hdg. Standby Hdg.
x v dx/dt dy/dt Track
-484
40 431 +00.0 +1046 +10%
40.000 +17.96% 423.437 -0.%6? -3.398
+ 51 9.781
- 1 44.042
+03.3 =-00.1 +4921.7 + 48 39.9
40,000 +0.000 +0 +0 449 30.9

EXSUBE B, EXAMPLES OF QUICK-LOOK DATA
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